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(54) Curable epoxy compositions containing aziridine 

(57) A curable resin system includes an epoxy 
resin, a co-reactant selected from N-alkyl and N-aryl 
substituted aziridines, and a catalyst to promote cure at 
ambient temperature. The system is compatible with 
various epoxy resins such as bisphenol A epoxy, 
bisphenol F epoxy, novolac epoxy, cycloaliphatic epoxy, 
triglycidyl-aminophenol, and triglycidyl isocyanurate. 
The aziridine co-reactant may be selected from reaction 
products of NH aziridines with acrylates and methacr- 
ylates of trimethylolpropane, ethylene glycol, propylene 
glycol, bisphenol A, bisphenol F. pentaerythritol, glyc- 
erol, and their alkoxylated derivatives; reaction products 
of NH aziridines with epoxy compounds; and 1 -aziridine 
ethanol and its reaction products with epoxy and isocy- 
anate functional compounds. Suitable catalysts include 
acid salts and complexes, strong electron accepting 
compounds, combinations of silicone hydrides and 
metal complexes, and non-halogen containing boron 
derivatives. As an option, compounds having active 
hydrogen, such as mono or multifunctional phenols, 
alcohols, and carboxylic acids, with or without anhy- 
drides, may be added. The curable resin system pro- 
vides controlled cure rates at ambient temperature, 
compatibility with SCF C0 2 spray application systems, 
and no release of volatile organic compounds during 
cure. 
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Description 
Technical Field 

The present invention relates to curable epoxy resin 
systems and, in particular, to epoxy compositions that 
contain aziridine and a catalyst to promote curing at 
ambient temperature. 

Background of the Invention 

Certain high performance resin systems, including 
epoxies and urethanes, are known to be curable at 
ambient temperatures using aliphatic amines that have 
. active amine hydrogen (NH). These resin systems can 
be difficult to process, however, because the aliphatic 
amines used as curing agents (or co-reactarrts) can 
cause skin irritation and can initiate fast reactions that 
are difficult to control. As alternatives to aliphatic 
amines, and in applications requiring longer lives for the 
"resins and curing agents, blocked amines, such as 
keti mines and enamines, which are activated by expo- 
sure to moisture, can be used as curing agents. The use 
"of blocked amines creates other problems, however, 
including dependency of the cure rate on humidity, gen- 
eration of environmentally undesirable volatile organic 
byproducts, and ability to achieve only limited coating 
thickness. 

Protective coatings, including enamels, varnishes, 
polyurethanes, and lacquers, have generally required 
organic solvents to reduce their viscosity for spray appli- 
cators. Spray processes, however, have become sub- 
ject to increasing regulation because of the adverse 
environmental impact of volatile organic compounds 
(VOCs). Attempts to reduce the use of VOCs in spray 
coatings have included development of high solids coat- 
ings, water-based coatings, powder coatings, nonaque- 
ous dispersions, and supercritical fluid (SCF) carbon 
dioxide (CO2) application systems. At the present time, 
none of the foregoing technologies has been able to 
fully eliminate VOCs while still providing high perform- 
ance coatings. In particular, amine/epoxy systems used 
for conventional coatings are generally not compatible 
with SCF C0 2 processes. Conventional amines with 
active NH have high reactivity with carbon dioxide and 
tend to form amine carbamates that reversibly release 
C0 2 . This can cause undesirable results such as forma- 
tion of crystals, voids, and nonuniform coatings. 

As background, supercritical C0 2 processes are 
described in U.S. Pat. No. 5,106,650 issued to Hoy et 
al., the teachings of which are incorporated herein by 
reference. SCF C0 2 systems are advantageous 
because the highly volatile primary diluents needed in 
alternative spray processes are replaced with environ- 
mentally benign carbon dioxide. In addition, SCF C0 2 
processes generally require only minor modifications to 
conventional spray equipment, can provide high atomi- 
zation with excellent spray control, and can be used with 
high performance resin systems. 



Because of environmental regulations and limita- 
tions of prior art resin systems, there is a need for an 
epoxy resin system that is curable at ambient tempera- 
ture, does not generate volatile organic compounds, 
5 and is compatible with SCF C0 2 spray application sys- 
tems. 

Summary of the Invention 

10 The present invention is a curable resin system 
(composition) that includes an epoxy resin, an N-substi- 
tuted aziridine as a co-reactant. and a catalyst (also 
called an accelerator) to promote cure at ambient tem- 
perature. As an option to further promote cure, the resin 

15 system may include compounds having active hydro- 
gen, such as mono or multifunctional phenols, alcohols, 
and carboxylic acids, with or without anhydrides. The 
present resin system provides controlled cure rates at 
ambient temperature and no release of volatile organic 

20 compounds during cure. 

Epoxy resins compatible with the present system 
include, for example, bisphenol A epoxy, bisphenol F 
epoxy. novolac epoxy, cycloaliphatic epoxy, triglycidyi 
aminophenol, and triglycidyi isocyanurate. The co-reac- 

25 tant is selected from N-alkyl and N-aryl substituted aziri- 
dines. Examples of suitable multi-functional N-alkyl and 
N-aryl substituted aziridines include (i) reaction prod- 
ucts of an NH aziridine (such as ethylene imine or pro- 
pylene imine, for example) with acrylates or 

30 methacrylates of trimethylolpropane. ethylene glycol, 
propylene glycol, bisphenol A, bisphenol F, pentaeryth- 
ritol, glycerol, and their alkoxylated derivatives (such as 
trimethylol propane triacrylates, ethylene glycol diacr- 
ylate, bisphenol A diacrylate, bisphenol A ethoxylate 

35 diacrylate, and pentaerythrrtol triacrylate, for example); 
(ii) reaction products of an NH aziridine with epoxy com- 
pounds (such as bisphenol A epoxy, and bisphenol F 
epoxy, for example); and (iii) 1 -aziridine ethanol and its 
reaction products with epoxy compounds and isocy- 

40 anate functional compounds (such as toluene diisocy- 
anate, 1 ,6-hexamethylene diisocyanate, isophorone 
diisocyanate, and bis-4-isocyanatocyclohexyl methane, 
for example). 

The present epoxy resin system, which uses an N- 
45 alkyl or N-aryl substituted aziridine coreactant, requires 
a catalyst to initiate and/or accelerate the cure process. 
Examples of suitable catalysts include (i) salts and com- 
plexes of acids, such as BF 3 -amine complexes, p-tolu- 
ene sulfonic acid metal salts (as of copper and zinc, for 
50 example), cetyltrimethylammonium p-toluene sulfonate, 
1-dodecylpyridinium p-toluene sulfonate, tetraethyl- 
amine trifluorosulfonate, and ferrocenesulfonic acid 
ammonium salt; (ii) strong electron accepting com- 
pounds such as tetracyanobenzene and tetrachloroben- 
55 zoquinone, for example; (iii) combinations of a silicone 
hydride (such as phenylsilane, diphenylsilane, and 
butylsilane, for example) and a metal complex (such as 
complexes of Al, Fe, Pt, Pd, Rh, Ru, Ti, and Zr, including 
aluminum acetyiacetonate, aluminum trifluoroacetylac- 
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etate, 8-hydroxyquinolinol aluminum complex, alumi- 
num isopropoxide, aluminum tri-terf-butoxide, 
aluminum tri-sec-butoxide, acetoalkoxy aluminum diiso- 
propylate, (l-acetylcyclopentadienyl)cyclopentadienyl 
iron, chloroplatinic acid, platinum dibenzonitrile dichlo- 5 
ride, platinum acetylacetonate. tetramethyi-tetravinyl 
cyclotetrasitoxane platinum complex, palladium acetate, 
palladium acetylacetonate, cyclopentadienylruthenium. 
titanium isopropoxide, and zirconium n-propoxide, for 
example); and (iv) non-halogen containing boron deriv- iq 
atives, such as boric acid and alkyl borates (such as tri- 
isopropyi borate and tri-tert-butyl borate, for example). 

A principal object of the invention is an epoxy resin 
system that is curable at ambient temperature and does 
not release volatile organic compounds. A feature of the is 
invention is the use of an N-alkyl or N-aryl substituted 
aziridine co-reactant and a suitable catalyst in an epoxy 
resin system. An advantage of the invention is an epoxy 
resin system that is compatible with SCF C0 2 spray 
application systems. 20 

Detailed Description of the Preferred Embodiments 

The present invention comprises an epoxy resin 
system (i.e., a composition) that is curable at room tern- 25 
perature, does not generate volatile organic com- 
pounds, and is compatible with SCF C0 2 spray 
application systems. The system includes an epoxy 
resin, an N-alkyl or N-aryl substituted aziridine as a co- 
reactant, and a catalyst (accelerator) to promote cure at 30 
ambient temperature (typically at room temperature, 
with faster cure at elevated temperature, if desired). As 
an option to further promote cure, the system may 
include compounds having active hydrogen, such as 
mono or multifunctional phenols, alcohols, and carboxy- 35 
lie acids, with or without anhydrides. 

The curable resin system of the present invention is 
compatible with various commonly known epoxy resins 
such as bisphenol A epoxy, bisphenol F epoxy, novolac 
epoxy, cycloaliphatic epoxy, triglycidyl-aminophenol, 40 
and triglycidyl isocyanurate, for example. Other suitable 
epoxy resins are described in US. Pat. No. 5,017,675 
issued to Marten et al., the teachings of which are 
hereby incorporated by reference. 

The co-reactant in the present epoxy resin system 45 
is selected from N-alkyl and N-aryl substituted azirid- 
ines. Such multi-functional aziridines include, by way of 
example and not limitation, (i) reaction products of an 
NH aziridine (such as ethylene imine or propylene 
imine, for example) with acrylates or methacrylates of so 
trimethylolpropane, ethylene glycol, propylene glycol, 
bisphenol A, bisphenol F, pentaerythritol, glycerol, and 
their alkoxylated derivatives (such as trimethylo! pro- 
pane triacrylates, ethylene glycol diacrylate, bisphenol 
A diacrylate, bisphenol A ethoxylate diacrylate. and 55 
pentaerythritol triacryiate. for example); (ii) reaction 
products of an NH aziridine with an epoxy compound 
(such as bisphenol A epoxy. and bisphenol F epoxy, for 
example); and (Hi) 1 -aziridine ethanol and its reaction 



products with epoxy compounds and isocyanate func- 
tional compounds (such as toluene diisocyanate 1 ,6- 
hexamethylene diisocyanate, isophorone diisocyanate, 
and bis-4-isocyanatocyclohexyl methane, for example). 
As an option, compounds having active hydrogen, such 
as mono or multifunctional phenols, alcohols, and car- 
boxylic acids, for example, may be added to assist the 
curing process. Cure can be further accelerated by 
using combinations of these active hydrogen com- 
pounds with anhydrides. 

As further background, aziridine compounds are 
described in U.S. Pat. No 4,656,217 issued to Sugiura 
et al., and the use of aziridines in epoxy resin systems 
is described in U.S. Pat. No. 5,241,001 issued to Kania 
et al. The teachings of these prior patents are hereby 
incorporated by reference. N-unsubstituted aziridines 
have active amine hydrogen (like conventional second- 
ary amines) and are known to react with epoxies, isocy- 
anates, and C0 2 . However, the reactivity of N- 
substituted aziridines is substantially lower than con- 
ventional amine curing agents (which are described 
above). Alone, N-alkyl and N-aryl substituted aziridines 
do not react readily with epoxies, isocyanates, or C0 2 at 
ambient temperature because they lack active amine 
hydrogen. Therefore, catalysts (accelerators) are used 
with N-alkyl and N-aryl substituted aziridines to initiate 
and/or accelerate the cure process in the epoxy resin 
systems of the present invention. 

Various catalysts are known to promote ring open- 
ing polymerization of heterocyclic compounds, such as 
ethylene imines, ethylene sulfides, and ethylene oxides, 
for example. Most of the commonly used catalysts, how- 
ever, are not suitable for epoxy resin systems of the 
present invention because of the difference in reactivity 
between aziridines and epoxies. For example, when 
using conventional Lewis acid catalysts, aziridines react 
mostly with themselves, resulting in incomplete cure 
and/or non-uniform films. 

Four classes of catalysts have been found to be 
suitable for the resin systems of the present invention. 
The first class of catalysts include salts and complexes 
of acids, typically strong Lewis acids and protonic acids, 
such as BF 3 and sulfonic acid, for example. Such acid 
salts and complexes include BF 3 -amine complexes, p- 
toluene sulfonic acid metal salts (such as of copper and 
zinc, for example), cetyltrimethylammonium p-toluene 
sulfonate, 1-dodecylpyridinium p-toluene sulfonate, 
tetraethylamine trrf luorosulfonate, and ferrocenesuHonic 
acid ammonium salt The second class of catalysts 
includes strong electron accepting compounds (i.e., 
charge transfer acceptors), such as tetracyanobenzene 
and tetrachlorobenzoquinone, for example. The third 
class includes combinations of a silicone hydride (such 
as phenyisilane, diphenylsilane, and butylsilane, for 
example) and a metal complex (such as complexes of 
Al, Fe, Pt, Pd, Rh, Ru, Ti, and Zr, including aluminum 
acetylacetonate. aluminum trifluoroacetylacetate, 8- 
hydroxyquinolinol aluminum complex, aluminum isopro- 
poxide, aluminum tri-terf-butoxide, aluminum tri-sec- 
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butoxide, acetoalkoxy aluminum diisopropyiate, (1-ace- 
tylcyclopentadienyl)cyclopentadienyl iron, chloroplatinic 
acid, platinum dibenzonitrile dichloride, platinum acety- 
lacetonate, tetramethyl-tetravinyl cyclotetrasiloxane 
platinum complex, palladium acetate, palladium acety- s 
lacetonate, cyclopentadienylruthenium, titanium isopro- 
poxide, and zirconium n-propoxide, for example). 
Aluminum complexes, in particular, have been found to 
be advantageous because of their low material costs 
and high reactivity, which is not adversely affected by w 
the presence of other constituents (such as alcohols, for 
. example). The fourth class of catalysts comprises non- 
halogen containing boron derivatives, such as boric 
acid and alkyl borates, including triisopropyl borate and 
tri-terf-butyl borate, for example. 1S 

In summary, curable resin systems of the present 
invention comprise combinations of an epoxy resin, an 
N-alkyl or N-aryl substituted aziridine. a catalyst or 
accelerator, and, optionally, a compound having active 
hydrogen. The functional group ratio of aziridine to 20 
epoxy is generally 1:2 or greater, and preferably in the 
range of 1:2 to 3:1 (aziridine :epoxy). The ratio of an 
optional active hydrogen compound to aziridine is gen- 
erally in the range of from 0:1 to about 1:1. With respect 
to the total epoxy resin system, the portion of the cata- 25 
lyst (accelerator) is up to about 10% by weight for acid 
salts and complexes, electron accepting compounds, 
and non-halogen boron derivatives (i.e., the first, sec- 
ond, and fourth classes above), and up to about 5% by 
weight for metal complexes (i.e., the third class above), 30 
with the ratio of silicone hydride to metal complex at 
about 1:1 or greater. The epoxy resin systems of the 
present invention, including all combinations of the 
components described above, have utility as adhesives 
and coatings, particularly those using SCF C0 2 as a 35 
diluent to minimize or eliminate VOCs in spray applica- 
tion systems. 

Example 1 

40 

2-Methylaziridine (9.1 gm) was charged in a 100 ml 
round bottle reaction vessel equipped with a condenser 
and dropping funnel. Ethylene glycol diacrylate (13.5 
gm) was slowly added to the solution while stirring with 
a magnetic stirrer to maintain the solution temperature 45 
below about 40-45°C. The resulting solution was further 
stirred at 50°C for 30 minutes and at room temperature 
for 30 minutes. Ethylene glycol di(2-methyl-1-aziridine- 
propionate) was formed as a slightly yellowish viscous 
liquid and used without further purification. Trimethylol- so 
propane tris(2 -methyl- 1 -aziridinepropionate) was also 
prepared by adding trimeylolpropane triacrylate (9.87 
gm) to 2-methylaziridine (5.7 gm) using the foregoing 
method. 

55 

Example 2 

A mixture of ethylene glycol di(2-methyl-1 -aziridine- 
propionate) (4.28 gm), bisphenol F epoxy (PY 306, Ciba 



Geigy) (2.48 gm), and triglycidyl aminophenol (MY 500, 
Ciba Geigy) (1 .66 gm) was prepared in a glass beaker. 
This solution (1 gm) was added to BF 3 -amine complex 
(Anchor 1222, Pacific Anchor Corp.) (30 mg) and 
allowed to stand at room temperature in an aluminum 
plate. The resin mixture formed a hard film within 24 
hours. Without the Anchor 1222 catalyst (BF 3 -amine 
complex), the resin showed no gelation after 7 days at 
room temperature. 

Example 3 

PY 306 epoxy resin (4.8 gm) was treated with 2- 
methylaziridine (1.7 gm) by stirring overnight at room 
temperature to give an aziridine endcapped compound 
as a viscous liquid. The compound (1.1 gm) was mixed 
with PY 306 epoxy (0.7 gm) and MY 500 epoxy (0.5 gm) 
to make an epoxy-aziridine blend. The blend (1 .0 gm) 
was mixed with Anchor 1222 BF 3 -amine complex (30 
mg) and allowed to stand at room temperature in an alu- 
minum plate. The resin mixture formed a hard film within 
24 hours. The resin without the Anchor 1222 catalyst 
required 4 days to solidify. 

Example 4 

A mixture of PY 306 (0.5 gm) and bisphenol A (0.35 
gm) was heated on a hot plate until homogenized and 
then cooled to room temperature. Trimethylolpropane 
tris(2-methyl-1 -aziridinepropionate) (0.5 gm) and 
Anchor 1222 (10 mg) were added to the mixture, and 
the resulting mixture was allowed to stand at room tem- 
perature. It gelled within 5 hours and produced a hard 
clear film after 24 hours. 

Example 5 

A mixture of PY 306 (5 gm), trimethylolpropane 
tris(2-methyl-1 -aziridinepropionate) (5 gm), and nonyl- 
phenol (5 gm) was prepared. The effectiveness of cure 
was determined by adding different catalysts (45 mg) 
separately to the mixture (1 .5 gm) in aluminum plates. 
The catalysts evaluated were Anchor 1222, cetyltrime- 
thyl ammonium tosylate, and 1 -dodecylpyridinium p-tol- 
uene sulfate. The resulting mixtures were allowed to 
stand at room temperature and the gel times were 
determined. All samples, except one without catalysts 
(which required over 4 days to gel), solidified as clear 
films within 24 hours. 

Example 6 

A mixture of PY 306 (5 gm), trimethylolpropane 
tris(2-methyl-1 -aziridinepropionate) (5gm), and bisphe- 
nol A ethoxylale (2 EO/phenol) (Aldrich Chem.) (7.5 gm) 
was prepared. Catalysts were added to the mixture (2.5 
gm) separately, and the effectiveness of cure was deter- 
mined by allowing them to stand at room temperature. 
The catalysts evaluated were Anchor 1222, copper 



4 



7 



EP 0 758 662 A2 



8 



tosylate, trifluoromethylsulfonic acid tetraethylammo- 
nium salt, ferrocenesulfonic acid ammonium salt, cetylt- 
rimethyl ammonium tosylate, 1 -dodecylpyridinium p- 
toluene sulfate. All samples, except one without cata- 
lysts (which required over 6 days to gel), solidified as 
clear films within 24 hours. 

Example 7 

Aluminum acetylacetonate (8 mg) and phenytsilane 
(0.04 ml) were added to a resin mixture of PY 306 (0.5 
gm) and trimethylolpropane tris(2-methyl-1-aziridine- 
propionate) (0.5 gm) in an aluminum plate. The result- 
ing mixture produced a hard clear film after 24 hours at 
room temperature. 

Example 8 

Aluminum tri-terr-butoxide (8 mg) and phenytsilane 
(0.04 ml) were added to a resin mixture of PY 306 (0.5 
gm) and trimethylolpropane tris(2-methyl-1-aziridine- 
propionate) (0.5 gm) in an aluminum plate. The result- 
ing mixture produced a hard clear film after 24 hours at 
room temperature. 

Example 9 

Nonylphenol (0.15 gm) was added to a resin mix- 
ture of PY 306 (0.5 gm), trimethylolpropane tris(2- 
methyl-1-aziridinepropionate) (0.5 gm), aluminum 
acetylacetonate (8 mg), and phenytsilane (0.04 ml) in 
an aluminum plate, and the resulting mixture was 
allowed to stand at room temperature. The mixture 
gelled within 1 0 hours and formed a hard clear film after 
18 hours. 

Example 10 

A catalyst system containing aluminum acetylace- 
tate (8 mg), phenylsilane (0.04 ml), glycidyl phenyl ether 
(0.1 gm), and triethylamine (0.04 ml) was prepared and 
aged a few days before use. The catalyst was added to 
a resin containing PY 306 (0.5 gm), trimethylolpropane 
tris(2-methyl-1-aziridinepropionate) (0.5 gm), and non- 
ylphenol (0.15 gm) in an aluminum plate and allowed to 
stand at room temperature for 24 hours. The cured film 
was clear and hard. 

Example 1 1 

A mixture of PY 306 (5.0 gm) and trimethylolpro- 
pane tris(2-methyl-1-aziridinepropionate) (5.0 gm) was 
prepared. Seven samples were prepared by adding cat- 
alysts to the mixture separately (1 .0 gm each) as fol- 
lows: (i) platinic add (1 mg) / phenylsilane (0.04 ml); 00 
platinic acid (1 mg) / phenylsilane (0.04 ml) / nonylphe- 
nol (0.2 gm); (iii) cyclopentadienyl ruthenium (1 mg) / 
phenylsilane (0.04 ml); and (iv) cobalt acetylacetate (2 
mg) / phenylsilane (0.04 ml); (v) (1-acetylcyclopentadi- 



enyl)cyclopentadienyl iron (10 mg) / phenylsilane (0.03 
ml); (vi) zirconium n-propoxide (20 mg) / phenylsilane 
(0.03 ml); and (vii) titanium isopropoxide (20 mg) / phe- 
nylsilane (0.03 ml). Tack free times at room temperature 
5 were 48 hours for samples (i) and (ii); 40 hours for sam- 
ples (v), (vi) and (vii); 72 hours for sample (iii), and 7 
days for sample (iv). 



Boron butoxide (30 mg) was added to a resin mix- 
ture of PY 306 (0.5 gm) and trimethylolpropane tris(2- 
methyl-1-aziridinepropionate) (0.5 gm) in an aluminum 
plate, and the resulting mixutre was allowed to stand at 
is room temperature. The mixture provided a hard clear 
fflm within 20 hours. 

Example 13 

20 Trimethylolpropane tris(2-methyM -aziridinepropi- 
onate) (0.5 gm) was mixed with PY 306 (0.5 gm) and 
Anchor 1222 (30 mg), and C0 2 was subsequently bub- 
bled through the mixture. There was no sudden 
increase in viscosity, as is commonly observed with 

25 conventional amines. A Fourier transform IR spectrum 
(FTIR) for the mixture after C0 2 exposure was the same 
as that before C0 2 exposure, indicating no adverse 
reaction products such as carbamic acid. The cured film 
was uniform and contained no voids. 

30 Although the present invention has been described 
with respect to specific embodiments thereof, various 
changes and modifications can be carried out by those 
skilled in the art without departing from the scope of the 
invention. Therefore, it is intended that the present 

35 invention encompass such changes and modifications 
as fall within the scope of the appended claims. 

Claims 



40 1 . A curable epoxy composition, comprising: 
an epoxy resin; 

a co-reactant selected from the group consist- 
ing of N-alkyl and N-aryl substituted aziridines; 

45 and 

a catalyst, to promote cure at ambient temper- 
ature, selected from the group consisting of 
salts and complexes of acids; strong electron 
accepting compounds; non-halogen containing 

so boron derivatives; and combinations of a sili- 

cone hydride with a complex of a metal 
selected from the group consisting of Al, Fe, Pt, 
Pd, Rh, Ru, Ti, and Zr. 

55 2. The curable epoxy composition of Claim 1, wherein 
said epoxy resin is selected from the group consist- 
ing of bisphenol A epoxy, bisphenol F epoxy, 
novolac epoxy, cycloaliphatic epoxy, triglycidyl ami- 
nophenol. and triglycidyl isocyanurate. 



Example 12 

10 
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The curable epoxy composition of Claim 1 , wherein 
said aziridine co-reactant is selected from the group 
consisting of : 10. 

reaction products of an NH aziridine with a s 
member of the group consisting of acrylates 
and methacrylates of trimethylolpropane, ethyl- 
ene glycol, propylene glycol, bisphenol A, 
bisphenol F, pentaerythritol, glycerol, and their 
alkoxytated derivatives; 10 
reaction products of an NH aziridine with an 
epoxy compound; and 

1 -aziridine ethanol and its reaction products 
with a member of the group consisting of epoxy 
and isocyanate functional compounds. 75 



hydrogen compound. 

The curable epoxy composition of Claim 1 , further 
comprising supercritical fluid carbon dioxide as a 
diluent for spray application. 



4. The curable epoxy composition of Claim 1 , wherein 
said acid salts and complexes are selected from the 
group consisting of BF 3 -amine complexes, p- 
toluene sulfonic acid metal salts, cetyltrimethylam- 20 
monium p-toluene sulfonate, 1-dodecylpyridinium 
p-toluene sulfonate, tetraethylamine trifluorosul- 
fonate, and ferrocenesulfonic acid ammonium salt. 

5. The curable epoxy composition of Claim 1 , wherein 25 
said strong electron accepting compounds are 
selected from the group consisting of tetracy- 
anobenzene and tetrachlorobenzoquinone. 

6. The curable epoxy composition of Claim 1 , wherein 30 
said non-halogen containing boron derivatives are 
selected from the group consisting of boric acid and 
alkyl borates. 



7. The curable epoxy composition of Claim 1 , wherein 35 
said silicone hydride is selected from the group 
consisting of phenylsilane, diphenylsilane, and 
butylsilane, and said metal complex is selected 
from the group consisting of aluminum acetylaceto- 
nate, aluminum trifluoroacetylacetate, 8-hydroxy- 40 
quinolinol aluminum complex, aluminum 
isopropoxide, aluminum tri-terf-butoxide, aluminum 
tri-sec-butoxide, acetoalkoxy aluminum diisopro- 
pylate, ( 1 -acety lcyclopentadienyl)cyclopentadienyl 
iron, chloroplatinic acid, platinum dibenzonitrile 45 
dichloride, platinum acetylacetonate, tetramethyl- 
tetravinyl cyclotetrasiloxane platinum complex, pal- 
ladium acetate, palladium acetylacetonate, 
cydopentadienylruthenium, titanium isopropoxide, 
and zirconium n-propoxide. so 



8. The curable epoxy composition of Claim 1 , further 
comprising a compound, having active hydrogen, 
selected from the group consisting of mono and 
multifunctional phenols, alcohols, and caitooxylic 55 
acids. 



9. The curable epoxy composition of Claim 8, further 
comprising an anhydride combined with said active 
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